To determine the prevalence of gastrointestinal helminth infections of dogs in Ambo, Ethiopia, examination of 70 fecal samples and 52 necropsies were conducted from November 2007 to April 2008. The prevalence of gastrointestinal helminths was 86.54% and 52.86% as detected by post mortem and coproscopical examination, respectively. The coproscopical examination revealed 35.7% infection with Ancylostoma caninum followed by Dipylidium caninum (25.57%), Toxocara canis (17.14%), Strogyloides stercoralis (14.29%) and Echinococcus granulosus (8.57%). Mixed infections with two or more parasites were also observed (62.16%). The study also indicates a significant difference (p<0.05) in the prevalence of Toxocara canis and Dipylidium caninum between the sexes. On the other hand, 86.54% of the necropsied dogs were found positive for one or more species of adult parasites and the specific species found were Dipylidium caninum (71.15%), Ancylostoma caninum (50%), Strongyloides stercoralis (40.38%), Toxocara canis (17.3%), Echinococcus granulosus (17.3%), Trichuris vulpis (3.8%) and Spirocerca lupi (1.9%). No significant difference in prevalence of the individual helminth species was noticed between the sexes and among the age groups. However, a significant difference (p<0.05) in the overall infection in the area was observed between the sexes. The study further indicated that, all of the respondents were ignorant on dog parasites and health related management aspect of dogs.
Introduction
Parasitism is the most encountered disease in dogs all over the world (Zelon, 2003) . Regardless of the availability of effective medications to treat parasites, most parasites of dogs have highly evolved life cycles that make their elimination impossible. In addition, dogs are routinely infected with internal parasites, sometimes without apparent evidence of the infestation until it is too late. This means that a dog can have internal parasites even though the fecal sample is negative.
Gastrointestinal helminths of dogs pose serious impact both on the host and human beings. They impede the successful rearing of dogs and result in losses that are manifested by lowered resistance to infectious diseases, retarded growth, reduced work and feed efficiency and general ill health (Soulsby, 1982) . Parasitized animals show a variety of symptoms, depending on the parasite species and density. These signs are attributed to intestinal obstruction, irritation, maldigestion, malabsorbtion, and protein losing gastroentropathy induced by the parasites (Dunn, 1978) . Severe cases could be fatal (Barutzki and Schaper, 2003) .
Moreover, since dogs live in close proximity with humans, there are zoonotic parasites that can be transmitted to humans and cause serious consequences. The transmission of zoonotic parasites could be through indirect contact with animal secretions and excretions, infected water and food, and through direct contact with the animal (Lappin, 2002) . Some of the parasites like Echinococcus granulosus also involve food animals as an intermediate host and cause great economic loss through organ condemnation at the level of slaughter house (Gracey, 1986) .
The prevalence of parasites considerably varies from one region to another and among the different diagnostic techniques employed (Robertson et al., 2000) . Considering aspects related to public and animal health, study of the prevalence of parasitic infections in dogs should, therefore, be a continuous task, with the most relevant aim being establishment of control measures (OliveiraSequeira et al., 2002) . However, in Ethiopia, very little attention was given for parasites of dogs and the works done so far on the prevalence of the different gastrointestinal parasites of dogs are scanty (Muktar Reshid, 1988;  Temesgen Samuel, 1990 , Shihun Shimelis, 1994 Eshetu Yimer, 2005) .
Therefore, the present study is contemplated to estimate the prevalence and identify the different species of gastrointestinal helminth parasites of dogs and to assess owners' awareness about zoonotic parasites in Ambo town.
Materials and methods
Study area and study population Dogs of all age group and both sexes were randomly selected from confined and loose (stray) housing system. For simplicity, dogs up to 6 months of age were classified as puppies, from 6 months through one year of age were referred to as young dogs while adults were dogs above 1 year of age (Bone, 1988) .
Study Design
Fecal samples were collected per rectum, using simple random sampling method, from 70 dogs and examined using floatation and sedimentation techniques (Foreyt, 1989; Chauhan and Agarwal, 2006) and the result was considered as positive when at least one parasite egg is present (Lorenzini et al., 2007) . Maximum effort was made to characterize and classify the different eggs observed under 10 X magnification to the level of genera or species (Soulsby, 1982; Hendrix, 2003) .
Among stray dogs roaming in Ambo town purposely killed with strychnine sulphate baits to control rabies fifty two dogs were randomly selected and necropsically examined for presence of adult gastrointestinal tract (GIT) helminthes. The entire alimentary tract was removed and the different compartments (esophagus, stomach, small intestine, cecum and colon) were tightly ligated with gauze. The contents of the different compartments were scrapped off, along with parts of mucosa, using a spatula. The contents, collected in separate buckets, were passed through a series of graded screens (sieves) to remove fecal debris. Then the resulting sediments were placed in separate universal bottle containing equal amount of warm 10% formalin solution for further identification and classification (Georgi and Theodorides, 1980; Soulsby, 1982) .
By the time of fecal sample collection, a pre-tested semi-structured questionnaire was used to evaluate the different management practices given for dogs and owners' awareness about zoonotic canine parasites.
Statistical Analysis
Finally, the data obtained from postmortem, coprological examinations and pre-tested semi-structured questionnaire were analyzed by using Stata version 7.0 (STATA, 2001). Prevalence was calculated by dividing the number of dogs harboring any helminth parasite by the total dogs examined. The chisquare (χ 2 ) test was used to assess difference in the frequency of the nematodes between the sexes and age groups. In all the analysis, confidence level was held at 95% and statistical analyses were considered significant at P≤0.05.
Results

Necropsy findings
On necropsy, 86.54% of the dogs were found positive for one or more adult parasites, namely Dipylidium caninum (71.15%), Ancylostoma caninum (50%), Strongyloides stercoralis (40.38%), Toxocara canis (17.3%), Echinococcus granulosus (17.3%), Trichuris vulpis (3.8%) and Spirocerca lupi (1.9%). The necropsy examination further indicated a statistically significant difference (P < 0.05) in overall prevalence of GIT helminth parasites observed between the sexes of dogs (Table 1) . However, there was no significant difference in the overall and respective prevalence of GIT helminth parasites as observed among the three age groups (Table 2) . The result obtained from necropsy examination and fecal examination (coproscopy) revealed that the prevalence of helminth parasite in male and female were 93.94%, 73.68% and 52.73%, 53.33%, respectively (Tables 1 and 3) . Similarly, the prevalence of helminth parasite in puppies, young and adult dogs by employing necropsy and coproscopy were 66.67%, 80%, 93.55% and 25%, 60%, 52.94%, respectively (Tables 2 and 4 ). There was a statistically significant difference (P <0.05) in the prevalence of Toxocara canis and Dipylidium caninum between the sexes as examined by coproscopy (Table 3) . There was also a significant difference (P < 0.05) in the overall prevalence of GI parasites and Strongyloides stercoralis as detected by necropsy examination and coproscopy (Table 5 ). Out of 70 respondents, 6 of them (8.6%) were keeping dogs as companionship, whereas 34 (48.6%) and 30 (42.9%) for guardians and both, respectively. Regarding the keepings of dogs, 55 (78.57%) of the dogs were free (both indoor and outdoor system) and only 15 (12.43%) were kept confined indoor.
In the area, dogs with a separate house or kennel were found only in 18 households (25.7%) of which only 46.6% of the kennels or dog houses were cleaned at an interval of 1 or 2 months. None of the individuals cleaning the kennels were taking the necessary precautions.
Only 8 (11.43%) of the households disposed dogs' feces in their toilets. Even though some of the dogs (n=15) are confined within their home or compound during the day, the dogs were released during evening time and hence shade their feces everywhere.
Regarding dogs feeding practice of the area, raw animal products and/or household leftover were the only feed given for the dogs. There is no tendency of cooking animal products intentionally to feed dogs.
Only 44.3% of the owners in the area have awareness about the role of dogs in transmitting diseases to human beings. Unfortunately, the awareness was only for rabies; none of them had awareness of canine zoonotic parasites. According to the respondents, the main reason that deters them from using antihelminthics for dogs was lack of awareness about the availability of drugs and the possibility of treating dogs with antihelminthics.
Information obtained from the animal health workers in the area revealed that dogs were brought to the clinic mainly due to infectious diseases, especially rabies and canine distemper. Dogs never came for antihelminthic treatment.
Discussion
Among the total of 52 dogs necropsied 45 (86.54%) were found harboring one or more species of helminth parasites. The high prevalence observed in the present study was in agreement with studies from Cameroon (Komatangi, 2005) , South Africa (Minnaar et al., 2002) and Nigeria (Dada et al., 1979; Anene et al., 1995) , who reported prevalence of 88.5%, 76%, 97.8% and 68.5%, respectively. Previous studies conducted in Ethiopia also showed a higher level of infection in homeless dogs, which is 98.36% and 95% in Debre Zeit (Shihun Shimelis, 1994; Yacob et al., 2007) , 100% in Dire Dawa and Eastern Hararge as well as Wollaita (Muktar Reshid, 1988; Temesgen Samuel, 1990) . The difference in the prevalence between our study and these authors could be attributed to geographical areas and / or health care and animal management practice followed. Compared to fully indoor kept dogs, the free roaming nature of dogs in our study might have exposed them to widespread natural infection. Moreover, it is difficult to monitor and implement parasitic disease control measures like regular deworming in such group of dogs. Although the exact role of dog in the transmission of parasites to humans in the study area has not been clearly determined (Eguia-Aguilar et al., 2005) they may have serious public health implication by acting as important source of infection.
In the present study infection with more than one helminth parasite (polyparasitism) is common. Concurrent infection with three different species of helminths in same dog was more common (35.56%) than infection with one (24.4%), two (31.1%), four (4.4%) and five (4.4%) species of helminths. Similar finding was also reported by Traub et al. (2002) . Higher incidences of concurrent infections with more than one species of helminths (75.6%) were also reported previously in Ethiopia (Muktar Reshid, 1988; Shihun Shimelis, 1994) . On the other hand single parasite infection was reported in studies conducted abroad (Anene et al., 1995; Bugg et al., 1999; Papazahariadou et al., 2007) . This difference may be attributed to the level of awareness about dog parasite, regular deworming, housing and other management activities practiced in these areas.
The most prevalent adult helminth observed in the present study was Dipylidium caninum (71.15%). This result was in agreement with the result in South Africa (Minnaar et al., 2002) . However, Ancylostoma caninum was the most prevalent helminth in those studies conducted in Wollaita (Muktar Reshid, 1988) , in Dire Dawa and Eastern Hararge (Temesgen Samuel, 1990) , and in Debre Zeit (Shihun Shimelis, 1994) . The prevalence of Dipylidium caninum in the present study (71.15%) was higher than the report from Wollaita (Mukar Reshid, 1988) , South Africa (Minnaar et al., 2002) and Debre Zeit (Shihun Shimelis, 1994) , with prevalence of 32.38%, 44% and 47.54%, respectively. However, higher prevalence was reported by Dada et al. (1979) in Zaria, Nigeria (97.8%) and Temesgen Samuel (1990) in Dire Dawa and Eastern Hararge (83%).
The prevalence of Toxocara canis was found lower in the present study (17.3%) compared with similar studies carried out in Punjab, Pakistan (Maqbool et al., 1998) , Northeastern India (Traub et al., 2002) , Nsukka area, Nigeria (Anene et al., 1995) , South Africa (Minnaar et al., 2002) , and Debre Zeit (Shihun Shimelis, 1994). Low prevalence of T. canis observed in the present study may be partly explained by the small number of puppies sampled. Otherwise, most Ascarids have been found mainly in dogs younger than one year (MartinezMoreno et al., 2006) .
The prevalence of Echinococcus granulosus in the present study (17.3%) was coherent to the record in Addis Ababa (Eshetu Yimer et al., 2005) . Previous investigation in Ethiopia have shown a higher prevalence in Wollaita (22.3%) (Muktar Reshid, 1988) and in Dire Dawa and Eastern Hararge (50%) (Temesgen Samuel, 1990) . However, Shihun Shimelis (1994) indicated that 9.84% of the dogs examined were harboring E. granulosus. Young and adult dogs were more affected and this may be attributed to their roaming habits and acclimatization to flesh and offals. There is a widespread backyard slaughter of animals throughout the country, for example Kiphorir (1998) estimated that in Ethiopia, 83% of the off-take in cattle, and 94% of the off-take in sheep and goats is by backyard slaughter. Together with large stray dog population around poorly supervised abattoirs, these animals constitute the principal definitive host reservoir of E. granulosus.
The prevalence of Tricuris vulpis in the present study (1.67%) was lower than the 3% incidence observed in Debre Zeit (Yacob Hailu et al., 2007) , 13.9% and 3.6% in Nigeria (Dada et al., 1979 and Anene et al., 1995, respectively) , and 9.6% in Northern Greece (Papazahariadou et al., 2007) . However, it was found consistent with a study in Southern Spain (Martinez-Moreno et al., 2006) .
Spirocerca lupi was encountered only in one dog (1.9%) at necropsy and its eggs were not found in any of the fecal samples examined. On necropsy based studies, higher prevalence of S. lupi was recorded in Debre Zeit by Shihun Shimelis (1994) and Yacob et al. (2007) . They reported 32.79% and 23.5%, respectively. A prevalence of 12.7% was recorded in South Africa (Minnaar et al., 2002) .
Unlike the postmortem results of this study, the most prevalent parasite found by coproscopy was Ancylostoma caninum and infection with three species was more common (28.7%) than infection with two (27.7%) or one (10.9%). This contradicts the findings of Traub et al. (2002) who reported that the most prevalent infection (32.83%) being by two species; and (Komatangi, 2005) and Bugg et al. (1999) that reported no dog was concurrently infected with more than one species of helminths.
The prevalence of Dipylidium caninum in fecal samples was 25.57% which is higher than the reports of Collins (1981) , Anene et al. (1995) , Minnaar et al. (2002) , Komatangi (2005) and Papazahariadou et al. (2007) . Very low prevalence of D. caninum occurred in European countries such as Greece (Papazahariadou et al., 2007) , Spain (Martinez-Moreno et al., 2006) , Finland and other Nordic countries (Pullola et al., 2006) as well as Australia (Bugg et al., 1999) . The routine use of anthelminthics, particularly in puppies is the most likely cause for the reduced prevalence of gastrointestinal helminthes in such countries (Robertson et al., 1991) . There was a significant prevalence difference (p<0.05) between the sexes, with 46.67% female and 20% male dogs harboring the eggs of Dipylidium caninum. This result may partially be explained by the lower number of female dogs examined.
The prevalence of Echinococcus granulosus in the coproscopical study (8.57%) was lower than the 14.6% incidence recorded in Addis Ababa (Eshetu Yimer et al., 2005) . According to the present study, 10.9% of the male dogs were infected while no females were infected. This may be due to the lower number of females (n=15) than males (n=55) examined. Only adults were infected with Echinococcus granulosus and this may be attributed to their roaming characters. The eggs of Taenia spp. could not be distinguished using microscopy alone. It is likely that a significant underestimation of the prevalence of this family has been observed in this study due to the erratic nature of proglottid and egg shedding by these parasites.
The absence of Spirocerca lupi eggs in fecal samples may be due to the floatation medium (sodium chloride) used in the present study. There are other floatation medias with higher specific gravities (such as saturated solutions of magnesium sulphate or sodium nitrate) which, when used with the fecal floatation method, will yield higher numbers of eggs and therefore prove to be more sensitive (Sloss et al., 1994) .
Lower prevalence of Strongyloides stercoralis was encountered in fecal samples (14.29%) than in postmortem samples (40.38%). The lower prevalence of the eggs of this parasite observed in the current study may be attributed to the type of fecal samples collected for examination. During the study period, fecal samples collected and preserved (using 5 % formalin) by dog owners as per instructions provided earlier were received for coproscopic examination the following day. However, S. stercoralis could only be examined in fresh samples.
The prevalence recorded during post mortem and coproscopical examinations showed significant differences, indicating a higher power of detection by the former. This could also be due to the fact that coproscopical examination may not detect the immature parasites, which are unable to lay eggs.
Regarding the management practice and awareness of dog owners, most dogs were allowed to roam freely and were observed to defecate in areas other than their immediate surrounding. Moreover, the authors had a chance to see animal cadavers thrown in the villages and on the street where dogs commonly feed on. It is, therefore, certain that dogs are acting as disseminators of parasite eggs and suitable reservoir of adult parasite thereby increasing the net exposure of infective stages in contact with the human population and other animals.
Except for little awareness on rabies, all the respondents were unaware of the potential risk of canine parasitic zoonoses. In line with the findings of the present study, a similar condition was reported in Northeastern India (Traub et al., 2002) . However, high level of awareness was recorded by Bugg et al. (1999) from Perth, Australia. These differences might be associated with veterinary facilities and availability of adequate information in different mass Medias in developed nations. Poor management practice and level of awareness of dog owners about dog parasites and associated risk, in addition to lack of veterinary attention, could exacerbate risk of transmission of canine parasitic zoonoses to human community.
All of the respondents have not ever came across any internal parasites in their dogs and this may be attributed to the loose type of dog keeping practice in the area or due to the lack of awareness on the clinical manifestations and morphology of the common intestinal parasites of dogs As a general principle of parasitic disease control scheme, the life cycle of these parasites should be broken either by regular deworming of dogs or inhibiting dogs from having access to offal's containing or contaminated with intermediate stages of dog parasites. Awareness should be created for dog owners and other community regarding the husbandry of dogs, potential role of dogs in the transmission of zoonotic diseases, control and prevention strategies of parasitic diseases and health and welfare of dogs. Control of stray dog population should be carried out by the provincial veterinary structures.
